. ABSTRACT New measurements of the electric G&Q2) and magnetic Gna(Q2) form factors of the nucleons are reported. The proton data cover the Q2 range from 1.75 to 8.83 (GeV/c)2
. . and the neutron data from 1.75 to 4.00 (GeV/c)2, more than doubling the range of previous data. Scaled by the dipole fit, Go(Q2), the results for Gna,(Q2)/p,Go(Q2) dF:rease smoothly from 1.05 to 0.92, while GE~(Q~)/G~(Q~) is consistent with unity.
The preliminary results for GM~(Q~)/~~G~ (Q~) are consistent with unity, while G& is consistent with zero at all values of Q 2. Comparisons are made to QCD Sum Rule, di-_-quark, constituent quark, and VMD models, none of which agree with all of the new data.
I. INTRODUCTION
-Elastic electron-nucleon scattering, mediated by the exchange of a virtual photon _. is described in -terms of the electric GE and magnetic GM form factors of the nucleons. They contain all the information about the deviation from pointlike behavior of the photon interaction with the charge and magnetization current distribution of the nucleons. Previously measured proton form factors [l] have been found to be approximated to the 5-10% level by a dipole fit:
w GEp(Q2) ClP 9 _ where pp=2.79 nm is the proton magnetic moment and Q2 = q2 -v2 with 7 and v being the momentum and energy transfer to the nucleon. The neutron magnetic form factor was also fairly well described by the dipole fit:
while the electric form factor G,+(Q2) was found to be positive, but close to zero [l] .
The virtual photon interaction is thought to be composed of two pieces: a part mediated by the exchange of vector mesons at low Q2 and a part involving direct -_ interaction with the nucleon or its constituents at large Q2. Gari and Kriimpelmann (GK) h ave developed a phenomenological model using the VMD form at low Q2 and the asymptotic QCD form at high Q2 to fit the existing data. Other _~ approaches include the relativistic constituent quark model, the use of QCD Sum Rules to make absolute predictions, and a diquark model which fits data for Q2 > 3 (GeV/c)2. _ -. _
EXPERIMENT
The-present experiment, SLAC NEll, improves the precision of previous experiments and extends the Q2 range by more than a factor of two. The experiment was performed at the Stanford Linear Accelerator and used beams from the Nuclear Physics
Injector with energies, E, from 1.5 to 9.8 GeV and average currents from 0.5 to 10 PA.
._ Electrons scattered from 15 cm long liquid hydrogen and deuterium targets were simulta--neously detected in two magnetic spectrometers, one on each side of the beam line. The SLAC 8 GeV/c spectrometer was set at central electron scattering angles, 8, between 15' and 90' and central momenta, E', between 0.5 and 7.5 GeV/c. The 1.6 GeV/c spec-_ trometer, modified by adding a quadrupole doublet to quadruple its solid angle, detected electrons with momenta between 0.5 and 0.8 GeV/c and was fixed at 90'. Shower counters, Cerenkov counters and wire chambers were used in both spectrometers to measure --particle trajectories and to distinguish electrons from pions and other backgrounds. , -_:-_.
%OTdN FORM FACTORS
The proton form factors were determined by first converting the experimental elastic e-p cross sections, a(E,8), corrected for radiative effects, to reduced cross sections a~: (dash double-dotted curves) lie above the GEM data, and underestimate GM~ above 'Q2 = 2 ( GeV/c)2.
-4. NEUTRON FORM FACTORS Quasi-elastic e-d cross sections, sensitive to the incoherent sum of scattering from a proton and a neutron, were extracted from the radiatively corrected measured -. . ' -inch&&e spectra, after subtracting the inelastic contributions. These contributions were , calculated using a Fermi-smearing model to convolute measured proton resonance region _ data-with the deuteron -wavefunction $(k) and were fit to the deuterium data in the same region.
A reduced cross section per nucleon for quasi-elastic scattering was defined as:
OR ( This experiment has extended the range over which the nucleon form factors have -~ been separated by a factor of two and considerably reduced the error bars in the region .-of overlap. The results for GM~/~~GD decrease smoothly with increasing Q2, while the vafues for GQ,/GD and GM,,/~,,GD are consistent both with unity and with form factor scaling. -The results for G&,/G% are consistent with zero. None of the existing models is in good agreement with all form factor results at all values of Q2, although it is likely . for several of the models that this could be remedied by adjusting free parameters.
